Abstract: Skin penetration enhancers are used to allow formulation of transdermal delivery systems for drugs that are otherwise insufficiently skin-permeable. The series of seven esters of substituted 6-aminohexanoic acid as potential transdermal penetration enhancers was formed by multistep synthesis. The general synthetic approach of all newly synthesized compounds is presented. Structure confirmation of all generated compounds was accomplished by 1 H NMR, 13 C NMR and IR spectroscopy.
INTRODUCTION
Transdermal penetration enhancers (also called sorption promoters or accelerants) are special pharmaceutical excipients that interact with skin components to increase penetration of drugs from the topical dosage forms to blood circulation. Numerous compounds have been evaluated as penetration enhancers and many potential sites and modes of action have been identified for them [1] . Some of the important penetration enhancers as classified Sinha and Kaur [ 2 ] are terpenes and terpenoids, pyrrolidinones, fatty acids and esters, sulfoxides, alcohols and glycerides and miscellaneous enhancers including phospholipids, cyclodextrin complexes, amino acid derivatives, lipid synthesis inhibitors, clofibric acid, dodecyl-N,Ndimethylamino acetate and enzymes. This paper describes a multistep synthesis of seven alkyl-6-(2,5-dioxopyrrolidin-1-yl)-2-(2-oxopyrrolidin-1-yl)hexanoates with C 6 -C 12 linear alkyl ester chains.
RESULTS AND DISCUSSION
6-Aminohexanoic acid (1) and succinic anhydride (2) as starting materials for multistep synthesis were used, and by their reaction 6-(2,5-dioxopyrrolidin-1-yl)hexanoic acid (3) was obtained. Under optimised Schwenk and Papa procedure [3, 4] acid 3 in one-pot synthesis gave ethyl-2-bromo-6-(2,5-dioxopyrrolidin-1-yl)hexanoate (4) . As the critical step of synthesis has been found out the C-N nucleophilic coupling of pyrrolidin-2-one and ethyl-2-bromo-6-(2,5-dioxopyrrolidin-1-yl)hexanoate (4). This C-N bond-forming reaction of α-bromocarboxylic compound 4 and 5-membered ω-lactam ring was carried out under catalysis by powdered copper(I) oxide and ethyl-6-(2,5-dioxopyrrolidin-1-yl)-2-(2-oxopyrrolidin-1-yl)hexanoate (5) was obtained. The series of seven targeted alkyl-6-(2,5-dioxopyrrolidin-1-yl)-2-(2-oxopyrrolidin-1-yl)hexanoates (6a-g) was formed by conventional base-catalyzed transesterification [5] of the key intermediate 5 in the excess of corresponding primary unbranched alcohol.
Scheme EXPERIMENTAL
6-(2,5-Dioxopyrrolidin-1-yl)hexanoic acid (3) . To a suspension of 6-aminohexanoic acid (1) (34.4 g, 262.0 mmol) in acetone (140 mL) was added dropwise a solution of succinic anhydride (2) (45.0 g, 450.0 mmol) in acetone (230 mL). The reaction mixture was stirred at room temperature for 24 hours after which it was filtered and the pure white powder product was washed with acetone. Yield: 82%. M.p. 100-102 °C. 1 (4) . To the organic acid 3 (45.8 g, 214.8 mmol), held at 30 °C, thionyl chloride (29.4 g, 247.0 mmol, 17.9 mL) was added slowly dropwise and the mixture was stirred at 60-80 °C until the gas evolution essentially stopped. At 80 °C Br 2 (36.1 g, 225.5 mmol, 11.6 mL) was added dropwise at approximately the rate that the Br 2 was consumed. Stirring continued for several hours until the evolution of HBr nearly stopped. Absolute ethanol (27 mL) was added slowly to the crude acid chloride at 20-30 °C. After stirring overnight, the mixture was evaporated until dry under vacuum and the residue was dissolved in diethyl ether (50 mL). The solution was washed with dilute NaHSO 3 and water, the organic layer was dried over anhydrous MgSO 4 , filtered and the organic solvent was removed under rotary evaporation. The crude product (yield: 94.2%) was purified by vacuum distillation using a Vigreux column (b.p. 160-165 °C/ 0.35 mbar) to yield 55.9 g (81%) colourless oil, R F 0.44 (propan-2-ol 100%), 1 (6a-g) . The mixture of ethyl ester 5 (7.7 mmol), appropriate primary alcohol (38.5 mmol) and metallic sodium (3.85 mmol) was stirred at 90 °C in an oil bath until sodium was dissolved completely, then the mixture was heated at 130 °C for 5 to 7 hours and during the reaction ethanol was distilled off as formed. The excess of longer-chain alkyl alcohol was distilled off under reduced pressure and the rest was extracted with acetic acid (0.5 M) and diethylether, organic layer was dried over anhydrous MgSO 4 , filtered and evaporated. The crude product was purified by column chromatography on silica gel using ethylacetate/petroleum ether (5:1) as the eluent. 5-dioxopyrrolidin-1-yl)-2-(2-oxopyrrolidin-1-yl) -6-(2,5-dioxopyrrolidin-1-yl)-2-(2-oxopyrrolidin-1-yl) 5-dioxopyrrolidin-1-yl)-2-(2-oxopyrrolidin-1-yl) 
Hexyl-6-(2,5-dioxopyrrolidin-1-yl)-2-(2-oxopyrrolidin-1-yl)hexanoate (6a

CONCLUSION
In this work series of seven alkyl-6-(2,5-dioxopyrrolidin-1-yl)-2-(2-oxopyrrolidin-1-yl)hexanoates with C 6 -C 12 linear alkyl ester chain as potential transdermal penetration enhancers were prepared. Biological activities of these newly synthesized compounds are under further investigation.
